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(Purdue). Oligomer toxicology and pharmacology have been studied in mice, in
collaboration with Dr. Ralph Brinster (Pennsylvania). Doses of 15 and 50 mg/kg of
pentadecadeoxynucleoside methylphosphonates were not toxic, and displayed

multiphasic pharmacokinetics in plasma.

Oligomers targeted against tat were tested for their efficacy in preventing
expression of a tat-dependent reporter gene in the laboratory of Dr. Lee Bacheler
(DuPont), and preventing expression of HIV p24 and syncytial formation in HIV-
challenged cells in the laboratory of Dr. Flossie Wong-Staal (NCI).

The mode of interaction between HIV-1 transactivating ta¢ protein and the trans-
acting responsive (TAR) sequence in HIV mRNAs, which results in zat stimulation of HIV
mRNA transcription and translation, was studied in vitro with synthetic tat protein. The
synthetic tat peptide was crossreactive with anti-fat antiserum, in the laboratory of Dr.
David Baltimore (MIT), but was nonspecific in its binding to a series of RNA transcripts.
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D. SUMMARY

The goal of this work is to develop novel, efficacious, injectable, gene-specific
therapeutics for treatment of human immunodeficiency virus (HIV) infection. These
products will be nuclease resistant, stereospecific antisense inhibitors of human
immunodeficiency virus gene expression and activity. Antisense DNA inhibition has
worked in this laboratory against several human and viral genes in cell culture.

In this project, routes are being developed for the stereospecific synthesis and
purification of all-S or all-R oligodeoxynucleoside methylphosphonates directed against
specific HIV mRNAs, and against tat protein. Several dimers have been prepared by the
pentavalent solution route, and encouraging resuits have been obtained for the
trivalent solution route.

The resulting oligomers have been characterized by fast atom bombardment mass
spectroscopy in the laboratory of Dr. Julie Leary (Berkeley), and high field nuclear
magnetic resonance spectroscopy, at USF and in the laboratory of Dr. David Gorenstein
(Purdue). Oligomer toxicology and pharmacology have been studied in mice, in
collaboration with Dr. Ralph Brinster (Pennsylvania). Doses of 15 and 50 mg/kg of
pentadecadeoxynucleoside methylphosphonates were not toxic, and displayed
multiphasic pharmacokinetics in plasma.

Oligomers targeted against tat were tested for their efficacy in preventing
expression of a tat-dependent reporter gene in the laboratory of Dr. Lee Bacheler
(DuPont), and preventing expression of HIV p24 and syncytial formation in HIV-
challenged cells in the laboratory of Dr. Flossie Wong-Staal (NCI).

The mode of interaction between HIV-1 transactivating tat protein and the trans-
acting responsive (TAR) sequence in HIV mRNAs, which results in zat stimulation of HIV
mRNA transcription and translation, was studied #n vitro with synthetic tat protein. The
synthetic tat peptide was crossreactive with anti-fat antiserum, in the laboratory of Dr.
David Baltimore (MIT), but was nonspecific in its binding to a series of RNA transcripts.
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E. FOREWORD

Acquired immune deficiency syndrome is the result of infection by a retrovirus
called human immunodeficiency virus (HIV). The genome of HIV extends about 9200
bp, including long terminal repeats (LTRs) at each end (Ratner, et al., 1985; Wain-
Hobson, et al., 1985; Sanchez-Pescador, et al., 1985). The genome includes the
common retroviral genes for group specific antigens, gag, polymerase enzymes, pol, and
envelope proteins, env. In addition, there are two less well characterized large open
reading frames: vif, which is just 3’ of the pol transcription unit, and appears to be
required for viral infectiousness and replication (Fisher, et al., 1987); nef, which
extends from the 3’ end of env into the LTR, acts like a negative regulatory factor and
resembles the ras oncogene p21 protein (Guy, et al,, 1987).

A bipartite sixth gene, tat, occurs in the env region, but in a different reading
frame (Sodroski, et al., 1985; Arya, et al., 1985). tat encodes a doubly spliced mRNA for
an 86 residue protein which shows homology to nucleic acid binding zinc-finger
domains in other proteins (Berg, 1986), particularly Cys-Xaa-Xaa-Cys, which occurs four
times. The 14 kD tat protein increases the level of transcription and the efficiency of
translation of HIV mRNA, and hence HIV replication (Rosen, et al., 1986; Fisher, et al.,
1986; Cullen, 1986; Wright, et al., 1986). Hence, inhibition of tat expression may be
especially effective at preventing production of infectious virions in IIIV-infected cells.

The tat protein interacts directly or indirectly in trans with the first 80 nt of all
HIV mRNAs, the transactivation responsive (TAR) element (Rosen, et al., 1985). This
sequence was calculated to form a tight hairpin loop from the cap to nt 59, so perhaps
the tat protein is an RNA helix destabilization protein which opens up the 5’ end of HIV
mRNAs, thus increasing their translational efficiency (Okamoto and Wong-Staal, 1986);
this model is analogous to an earlier model for the mode of action of prokaryotic
translational initiation factor 3 (Wickstrom, 1974). The predicted secondary structure,
and a second stable hairpin loop in the TAR were confirmed by nuclease probing; the
sequence and structure are necessary for tat activity (Muesing, et al.,, 1987).
Immunofluorescence analysis implied that zat protein is primarily located in the
nucleus, suggesting that any protein-RNA interactions would probably occur in the
nucleus, by stimulating transcription, anti-termination, processing, or transport to the
cytoplasm (Hauber, et al., 1987; Kao, et al., 1987).

Synthetic oligodeoxynucleotides have been successfully applied by several
laboratories to inhibit gene expression (rev. by van der Krol, et al., 1988). Encouraging
results have been obtained in this laboratory for VSV matrix protein (Wickstrom, et al,,
1986), and human c-myc oncogene (Heikkila, et al., 1987; Wickstrom, et al., 1988, 1989;
Bacon, et al., 1989; Bacon and Wickstrom, 1989). In the case of HIV, antisense
oligodeoxynucleotides directed against sites in the LTR or against splice junction sites
were effective in the 20 uM range for inhibiting HIV reverse transcriptase activity and
p15 and p24 expression in H9 cells challenged by HIV in culture (Zamecnik, et al.,
1986). The most recent HIV work from Zamecnik’s laboratory confirms their earlier
observations, and makes clear that antisense oligodeoxynucleotides are efficacious
against a variety of targets, at doses which are nontoxic in mice (Goodchild, et al,,
1988). In the work presented below, this laboratory has also observed some efficacy of
antisense oligodeoxynucleotides against HIV tat.
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Oligodeoxynucieotides themselves are not stable enough for intravenous or oral
administration. Uncharged methylphosphonate oligodeoxynucleosides are resistant to
nucleases, enter animal cells more efficiently than charged oligodeoxynucleotides, and
specifically inhibit expression of simian virus 40 (Miller, et al., 1985) and VSV (Agris, et
al., 1986), rabbit globin (Blake, et al., 1985), herpes simplex virus 1 (Smith, et al., 1986),
and HIV (Sarin, et al., 1988). However, relatively high concentrations are required for
significant inhibition. One would expect that the greater longevity, improved cellular
uptake, and lack of charge on oligodeoxynucleoside methylphosphonates would make
them much more effective inhibitors of mRNA translation than normal
oligodeoxynucleotides. However, in the case of dihydrofolate reductase mRNA
translated in the same system, oligodeoxynucleoside methylphosphonates were over
100 times less efficient than normal oligodeoxynucleotides (Maher and Dolnick, 1988).

The poor hybridization of oligodeoxynucleoside methylphosphonates is probably
due to the existence of R and S diastereomers at each phosphodiester bond (Kan, et al.,
1980). For example, in a normal octamer with a single methylphosphonate bond, it was
found that the oligomer with an R bond had a higher melting temperature than the
oligomer with an S bond (Bower, et al., 1987). For the related ethyl phosphotriesters,
Abramova, et al. (1988) observed that alkylation of poly(dA), and of poly(rA) tails in
Krebs ascites cells, by an aryl nitrogen mustard derivative of tetrathymidyluridine was
about 20 times as efficient for one particular diastereomer at each bond versus the
other. The point is that a large difference in efficacy was apparent even for a tetramer,
as we expect for oligodeoxynucleoside methylphosphonates. They have subsequently
determined that R diastereomers of methylphosphonates, alternating with normal
diesters, impart greater efficacy (Amirkhanov and Zarytova, 1988). In the work
presented below, this laboratory has made some progress in stereospecific synthesis of
oligodeoxynucleoside methylphosphonates. It has also been found that racemic
oligodeoxynucleoside methylphosphonates may be injected into mice at 50 mg/kg
without obvious toxicity, and recovered intact from the blood for at least four hr. after
administration. An oligomer specific for c-myc strongly down-regulated c.myc p65
expression in circulating lymphocytes of c- nyc transgenic mice.

The synthesis of oligomers of a-deoxynucleotides, instead of the normal 8-
deoxynucleotides, also has potential for achieving nuclease resistance without loss of
base pairing effectiveness (Morvan, et al.,, 1986; Bacon, et al., 1988). However, while
the unusual a-oligodeoxynucleotides hybridize in parallel with mRNA even more tightly
than normal B-oligodeoxynucleotides hybridize in antiparallel, they show little efficacy
for hybrid arrest (Gagnor, et al., 1987). In the work presented below, this laboratory
has observed that a-oligodeoxynucleotides survive very well in mammalian sera, with
half-lives on the order of 12 hr. (Bacon, et al., 1988).

Study of RNA structure and RNA-protein interactions has been a longterm interest
of this laboratory (Wickstrom and Laing, 1988). Hence, the potential for RNA binding
by tat protein stimulated great interest. Frankel, et al. (1988) have isolated HIV-1 tat
protein which was overexpressed in bacteria, and analyzed its metal binding and
oligomerization. They observed 2 Cd** or Zn®* ions per tat monomer, but weak Co?*
binding, and proposed a dimeric structure for active ¢at. In their hands, the
recombinant protein bound both DNA and RNA nonspecifically. This result is
paradoxical, since tat was first characterized by its dependence on the TAR region for
activity (Rosen, et al., 1985), and sequence mutants in the TAR stem-loop structure
abolish tat activity (Feng and Holland, 1988). In the work presented below, this
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laboratory has found similar results in gel mobility shift experiments at low ionic
strength with a synthetic tat polypeptide, and no specific footprinting onto an HIV first
exon transcript at physiological ionic strength (Zou, et al., 1989).

It is anticipated that antisense oligomers will display some cytotoxicity, making
them inappropriate for chronic use in an animal or human system. Furthermore,
prolonged use may well select for clones which overexpress the mRNA target of the
antisense oligomer; this problem may not arise if days or weeks of exposure is sufficient
to commit transformed cells to differentiate. The possibility of short term treatmen:t will
be made more plausible if antisense therapy against active viral genes also induces re-
expression of major histocompatibility complex class I antigens. Interestingly, the
related Ad12 E1A and BK large T antigens have been implicated in down regulation of
MHC class I antigen expression in transformed human cells (Vasavada, et al., 1986).
Completing the analogy, down regulation of MHC class I antigens has also been
observed in human Burkitt’s lymphoma cells transformed by c-mmyc translocated to an
immunoglobulin locus (Masucci, et al., 1987). The importance of these findings lies in
the fact that cells which express little or no MHC class I antigens are resistant to
cytolytic T lymphocytes specific for antigens expressed by those cells, resulting in a loss
of immune surveillance. Similarly, MHC I expression in human melanoma cell lines was
observed to be inversely correlated with c-myc expression (Versteeg, et al., 1988).
Hence, it is possible that reducing the level of viral mRNA translation may not only halt
viral replication and the spread of infection, but even re-establish immune surveillance
of virally transformed cell populations. In preliminary work presented below, this
laboratory has found significant differences between MHC class I levels in normal and
transformed celis.

The most frequent question asked about antisense oligodeoxynucleotide hybrid
arrest experiments focuses on how the oligodeoxynucleotides enter the cells. Anecdotal
accounts of inhibition of uptake by dinitrophenol or cytochalasin B imply an ATP-
mediated mechanism, i. e., active uptake (J. Goodchild, at EMBO/INSERM Antisense
Regulation Workshop). Vlassov, et al. (1986) have observed uptake kinetics which may
be construed to imply uptake by simultaneous adsorptive endocytosis, stimulated
endocytosis, and pinocytosis. Bennett, et al. (1988) have been characterizing a human
leukocyte cell surface protein, about 30 kDa, which binds large DNA molecules and
mediates their internalization and degradation to oligodeoxynucleotides. This protein
is a candidate for a DNA receptor, and Dr. Bennett has provided us with samples of his
monoclonal antibodies 12A and 24T in order to determine whether or not the putative
receptor takes part in oligodeoxynucleotide uptake. In preliminary work presented
below, this laboratory has found evidence for the presence of these receptors on human
hematopoietic cells.
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G. BODY OF REPORT

1. Antisense Oligodeoxynucleotide Inbibition of c-myc Oncogene Expression
(Reprints and Preprints in Appendix)

A calculated secondary structure for c-myc mRNA placed the initiation codon in a
bulge of a weakly basepaired region, accessible for antisense arrest. Treatment of PHA-
stimulated normal human peripheral blood lymphocytes with an antisense oligomer
against the predicted bulge resulted in sequence-specific, dose-dependent inhibition of
po5 expression, mitotic index, and entry into S phase (Heikkila, et al., 1987).

Furthermore, treatment of HL-60 cells with the anti-c-myc oligomer yielded
sequence-specific, dose-dependent inhibition of both p65 expression and proliferation
(Wickstrom, et al., 1988), and induced differentiation along the granulocytic pathway
(Wickstrom, et al., 1989). Efficacy was three times greater than with normal cells.
Oligomer uptake by HLG6O cells levelled out at about 1-2% of the labelled oligomers,
which survived intact for up to 24 hr. In contrast, oligomers remaining in the culture
medium supernatant disappeared by 8 hr. Indirect immunofluorescence and
radioimmunoprecipitation assays of HL-60 cells treated with anti-c-myc oligomer
revealed sequence specific, dose dependent inhibition of p65 expression.

Daily addition of anti-c-myc oligomer to HL-60 cells growing in a serum-frce
medium is as effective as 1% Me,SO (Bacon, et al,, 1989). Mitotic index and colony
formation in methocel were similarly inhibited. It thus appears that p65 facilitates
replication, which may be halted by antisense oligodeoxynucleotides, directed against a
predicted hairpin loop containing the initiation codon of human c-myc mRNA.

2. Stability of a-Oligodeoxynucleotides (Reprint in Appendix)

We have also collaborated with Dr. Jean-Louis Imbach to study the nuclease
resistance of a-oligodeoxynucleotides, which survive with no apparent degradation over
24 hr. at 37° in HelLa cell postmitochondrial cytor!zsmic extract or RPMI 1640 medium
with 10% fetal bovine serum. Under the same conditions, a-oligodeoxynucleotides are
slowly degraded in rabbit reticulocyte lysate, undiluted fetal bovine serum, and
undiluted human adult serum with a half-life of roughly 24 hr. (Bacon, et al., 1988).

3. Synthesis of HIV tat protein (Draft in Appendix)

The transactivating tat protein of human immunodeficiency virus (HIV) displays
some characteristics and properties of an RNA binding protein. Analysis of the structure
and function of this 86 amino acid polypeptide, and its interactions with RNA, require
significant amounts of pure, native protein. The small size of tat made its (.iemical
synthesis appear promising. Many problems were posed, however, by automated
synthesis of the tat sequence. These include a complex Arg and Gln rich segment, and
the presence of 7 Cys residues, four of which are thought to be capable of Zn**
binding. These challenges have been solved in an fluorenylmethoxycarbonyl (Fmoc)-
mediated synthesis using trimethoxybenzyl side chain protection for Gln, the highly
efficient benzotriazolyloxy tris(dimethylamino) phosphonium hexafluorophosphate
(BOP) and hydroxybenzotriazole (FIOBt) coupling method, use of trityl (Trt) and
acetamidomethyl (Acm) moieties for selective Cys protection, advanced expert system
predictive software to preassign coupling times, an efficient linker substituted
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polystyrene support, and optimized cleavage and deprotection conditions. Peptides
removed during the assembly of zat at the 20, 36, 53, 73, and final 86 residue steps have
been purified by reversed phase liquid chromatography and sequeaced. The analytical
results confirm the efficiency and fidelity of the synthesis. Immunological crossreaction
of the full length peptide was observed with anti-ta¢ antiserum.

4. Oligodeoxynuclieoside methylpbosphonate synthesis

Preliminary syntheses of dimethoxytrityl thymidine methylphosphonyl
imidazolide and dimethoxytrityl thymidine methylphosphonyl thymidine according o
Miller, et al. (1986) were carried out by the PI as a guest researcher in the laboratories
of Drs. Jack Cohen and Sam Broder at the National Cancer Institute. Thin layer and
liquid chromatography indicated that the syntheses were successful, that the
imidazolide is stable in solution for severai days, and upon chromatography on C,g silica
in anhydrous acetonitrile (Fig. 1). NMR spectra confirmed synthesis of the imidazolide
(Fig. 13), which successfully coupled to thymidinyl silica, quantitated by detritylation of
the dimer silica product. The dimer product was hydrolyzed from the support, and
partially resolved on an old C,4 column (Fig. 2). The evaporated R and S pool gave a
correct FABMS pattern (Fig. 9), and was successfully resolved by liquid chromatography
on a fresh C,4 column (Fig. 3). As expected, the fast eluting S peak displayed the larger
CD peak, and the slower eluting K peak gave a smaller peak, plus a blue shifted trough
(Fig. 4). Hence, reference dimers are available for 2D NMR analysis and comparison
with products from new routes. Similarly, the diastereomers of 3’,5’-bis(inosine)
methylphosphonate have been prepared and separated on a scale of 100 umol (Fig. 5).

The first step i.2 preparing a stereospecific reference tetramer is to prepare
stereospecific dimers. 5’-O-dimethoxytrityl thymidine methylphosphonyl thymidine-3'.
O-acetate was prepared in a one-pot reaction by activating the 3’-OH of 5’-0-DMT-
thymidine with methylphosphonyl bis(imidazolide} 0 the 3’-O-methylphosphcayl
imidazolide. Addition of 3’-O-acetyl thymidine yielded the dimer, which was eluted as a
racemic mixture from C,, silica with 0% acetonitrile/40% water. *'P nmr gave peaks at
31.6 and 32.1 ppm from 85% H,PO,, in agreement with Dorman, et al. (1984). The
diastereomers were separated isocratically on silica eluted with 2% MeOH/98% CHCI,
(Fig. 6). The peak eluting at 18.4 min. displayed a 3'P nmr peak at 31.6 ppm, while the
peak eluting at 26.1 min. showed a >'P peak of 32.1 ppm (Fig. 16).

To synthesize a tetramer, half of each dimer diastereomer will be deprotected at
the 5'-OH, and half at the 3-OH. The two derivatives will be coupled as for the dimer,
yvielding a tetramer with stereospecific first and third methylphosphonates, and a
racemic second methylphosphonate. The tetramer diastereomers will be separated by
liquid chromatography as before. We have now prepared tetrathymidine
methylphosphonates from the stereospecific dimer of peak I in Fig. 5. This preparation
separated into two closely spaced peaks upon liquid chromatography (Fig. 7). We are
awaiting FABMS and NMR results to see whether the peaks represent the ali-S and S-R-S
tetramers, respectively.

For the trivalent roure, 5’-dimethoxytrityl thymidine methylphosphinyl
diisopropylamide has becn prepared according to Dorman, et al. (1984), and its
coupling rate to 3'-O-benzoyl thymidine was found to be quite rapid by >'P NMR (Fig.
17). The expected 3!P spectra were also obtained for 5'-dimethoxytrityl thymidine
methylphosphonyl diisopropylamidite reacting with 5'-activated 3'-O-acetyl thymidine in
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the absence of tetrazole (Fig. 18). Tetrazole was climinated expressly to prevent
epimerization, and its catalytic role was substituted by a proprietary 5’ activation of 3'-
O-acetyl thymidine. The diastereomers of the activated trivalent monomer may be
separated on C, 4 silica (Fig. 8), but would best be separated anhydrously on silica (or a
less reactive matrix) before carrying out the same 5’-activated coupling. Only then will
it be known if this route will allow stereospecific trivalent coupling.
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Fig. 1. Liquid chromatography of DMT-T methylphosphonyl imidazolide on a 4.6 x
mm column of C,4 silica in anhydrous w.ctonitrile at a flow rate of 1.0 mL/min.
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Fig. 2. Liquid chromatography of crude T-T methylphosphonate on a 4.6 x 250 mm
column of C silica, eluted with a gradient of 0-50% acetonitrile in water, 1%,/min., at a

flow rate of 1.0 mL/min.
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Fig. 3. Liquid chromatography of the T-T methylphosphonate pool from Fig. 2 into
putative R and S diastereomers on a 4.6 x 250 mm column of Cg silica, eluted with a
gradient of 10-15% acetonitrile in water, 0.25%/min., at a flow rate of 1.0 mL/min.
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Fig. 4. Circular dichroism spectra of putative R and S diastereomers of T-T
methylphosphonate separated in Fig. 3, in water at 25°, measured on the Jasco J-500A
spectropolarimeter, USF.
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Fig. 5. Liquid chromatography of diastereomers of DMT-I-methylphosphonyl-I-Ac on a
10 x 250 mm column of silica eluted with 100% CHCI, for 5 min,, followed by a gradient
from 100% CHCl; to 20% MeOH, 80% CHCI, over 25 min., followed by a 10 min.
segment up to 100% MeOH, at a flow rate of 5.0 mL/min. The peaks at 25.5 and 27.5
min. are the bis(inosine) methylphosphonate diastereomers.
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Fig. 6. Liquid chromatography of diustereomers of DMT-T-methylphosphonyl-T-Ac on a
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from 15 to 60 min. Y-axis recorded Ayqy, 0-2.0.
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Fig. 8. Liquid chromatography of 5'-dimethoxytrityl thymidine 3’-methylphosphinyl
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in water, at a flow rate of 1.0 mL'min. DMT-thymidine elutes at 35 min., and the peaks
at 30 and 32 min. are the putative diastereomers of the methylphosphinyl
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5. Oligodeoxynucleoside Methylphosphonate FABMS

An initial test of FABMS on oligodeoxynucleoside methylphosphonates was
carried out on racemic thymidinyl methylphosphonyl thymidine from Fig. 2. Shown in
Fig. 9 are the fragment ions corresponding to various clcavages in the molecule which
were seen in the low resolution FAB mass spectrum. In addition to the protonated
molecular ion at m/z 545, we see the sequence ions resulting from cleavage between
ribose and oxygen of the phosphate ester at m/z 321 and 225. A small ion at m/z 419 is
also present and corresponds to fragmentation of one thymidine base with charge
retention on the remainder of the molecule. All of these cleavage patterns have been
seen in previous studies of alkylphosphotriesters (Phillips, et al., 1985). Similar clear
results were seen for bis(deoxyinosine) methylphosphonate (Fig. 10).

The triethylammonium salt of a partially protected tetramer (5’CUAA3’) was
dissolved in LiCl, mixed with a mixture of glycerol and thioglycerol, and 0.5 uL
corresponding to 175 ng was subjected to FABMS. A single scan spectrum was recorded
in the positive ion mode and the resulting molecular ion and the structure for this
tetramer is shown in Fig. 11.

The preparation of protected tetrathymidine methylphosphonate described in 2.

above was analyzed similarly, yielding the mass spectrum in Fig. 12. Small peaks for the
parent ion and tetramer fragments may be seen.
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Fig. 9. Fast atom bombardment mass spectroscopy of racemic T-T methylphosphonate,
sputtered from glycerol, on the Kratos MS 50 of Dr. Leary, Berkeley.
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Fig. 11. Fast atom bombardment mass spectroscopy of the lithium salt of 5’-trityl-CUAA,
sputtered from a mixture of glycerol and thioglycerol, on the Kratos MS 50 of Dr. Leary,
Berkeley.
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6. Oligodeoxynucleoside Methylphosphonate NMR

One-dimensional spectra have been measured for a series of intermediates and
dimers. The activated monomer DMT-thymidine methylphosphonyl imidazolide gave
expected 'H and 3'P spectra (Fig. 13), as did the separated diastereomers of thymidine
methylphosphonyl thymidine (Figs. 14,15). The expected 3'P spectra were also
obtained for the protected diastereomers of DMT-thymidine methylphosphonyl
thymidine-acetate (Fig. 16).

For the trivalent route, 5’-dimethoxytrityl thymidine methylphosphinyl
diisopropylamide coupled very rapidly to 3’-O-benzoyl thymidine, as measured by >'P
NMR (Fig. 17). The expected 3'P spectra were also obtained for 5’-dimethoxytrityl
thymidine methylphosphonyl diisopropylamidite reacting with 5’-activated 3’-O-acetyl
thymidine in the absence of tetrazole (Fig. 18). Tetrazole was eliminated expressly to
prevent epimerization, and its catalytic role was substituted by a proprietary 5’
activation of 3’-O-acetyl thymidine.
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Fig. 13. 'H and *'P NMR of DMT-thymidine methylphosphonyl imidazolide peak from
Fig. 1, measured on the Varian 400 MHz of Dr. Cohen, NCI.
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Fig. 15.3'P NMR of putative R and S diastereomers of thymidine methylphosphonyl
thymidine, in °H,0, relative to phosphoric acid, measured on the XL 200 of Dr.
Gorenstein, Purdue.
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Fig. 16. 3'P NMR of DMT-T-methylphosphonyl-T-Ac peaks from Fig. 5, measured on the
Jeol FX90Q, USF.
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Fig. 17.3'P NMR of excess DMT-T methylphosphinyl diisopropylamidite and limiting 3'-
O-benzoyl thymidine, in C?H,CN, relative to phosphoric acid, measured on the JEOL
FX90Q, USF. A, prior to adding tetrazole; B, 8 min. after adding an equivalent of
tetrazole.
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Fig. 18. 3'P NMR of equimolar DMT-T methylphosphonyl diisopropylamidite and 5'-
activated 3'-O-acetyl thymidine, in C*H,CN, relative to phosphoric acid, measured on

the JEOL FX90Q, USF. A, shortly after mixing; B, at the end of the reaction.
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7. Antisense Oligodeoxynucleotide Inbibition of HIV Gene Expression

Prediction of the secondary structure of the known sequence of the fat gene
placed the initiation codon near the 3’ end of a large loop (Fig. 19), so an antisense
oligodeoxynucleotide, 5’-dCATTTCTTGCTCTCC, was prepared against nt 5399-5414 of
the HIV sequence (Sodroski, et al., 1985). Human T4 cells immortalized by HTLV-I are
attacked and killed by HIV in vitro; protection against the HIV cytopathic effect is a
useful screening technique for candidate therapeutics (Mitsuya and Broder, 1986). Our
anti-tat pentadecamer is currently being tested for its ability to protect immortalized T4
cells against HIV cytopathic effect in the laboratory of Dr. Samuel Broder, Clinical
Oncology Program, at NCI. The initial positive results showed large statistical
variations, but gave no false positives for a control non-AIDS oligodeoxynucleotide, and
no false negatives for cells plus oligodeoxynucleotide but without added virus (Fig. 20).
However, addition of oligodeoxynucleotide to clumped ATHS cells gave no protection
against HIV virus, as opposed to the positive results obtained when the cells were in
suspension when exposed to oligodeoxynucleotide. Two further trials gave more
equivocal results than the first trial, with less significant protection of cells against viral
challenge, but in any case no false positives were seen in any trial with control antisense
sequences.

Fig. 19 predicts further single stranded targets between the 5’ end and the
initiation codon, including a hairpin loop in the TAR sequence (TAT1), and another
loop 80 nt downstream (TAT3). The latter two sequences, as well as the 5’ end (TATO)
and the initiation codon AUG (TAT9) were utilized as targets for antisense inhibition.
The anti-tat oligomers were assayed in the 3B9 indicator cell line which constitutively
expresses tat, and expresses (-galactosidase under tar-dependent HIV-LTR control
(Bacheler, et al., 1989) in the laboratory of Dr. Lee Bacheler (Fig. 21), and in H9 cells
transfected with pHXB2gpt (Fisher, et al., 1986) by Dr. David Looney in the laboratory
of Dr. Flossie Wong-Staal (Fig. 22). In both cases, TAT1 and TAT3 displayed significant
inhibition of HIV expression at 50 uM and above, but not TATO or TAT9.

Secondary structure calculations have also been carried out on the gag-pol (Fig.
23) and env mRNAs (Fig. 24) in order to predict single stranded targets in those
messengers. Antisense oligomer hybridization arrest will also be attempted at the newly
predicted targets.
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Fig. 19. Predicted secondary structure of the entire HIV tat mRNA. TAR indicates the
transactivation responsive sequence, AUG indicates the initiation codon, and letters

indicate potential targets.
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Fig. 20. Antisense oligodeoxynucleotide inhibition of HIV cytopathic effect on ATHS8
cells. In each assay (Mitsuya and Broder, 1986), 2 x 10° cells were resuspended in 1 mL
RPMI 1640 with 11.5% fetal calf serum supplemented with recombinant interleukin 2,
and added to sterile vials containing lyophilized oligodeoxynucleotide. Cells were
challenged with HIV at 500 virions,cell after a 1 hr. incubation period, then grown for 9
days at 37° in 5% CO,. Titers of viable cells were determined by counting Trypan blue
excluding cells in a hemocytometer. Circles represent protection by 5’-
dCATTTCTTGCTCTCC, complementary to HIV nt 5399-5414, while triangles represent
protection by 5’-dTTGGGATAACACTTA, complementary to VSV M gene nt 17-31. Filled
symbols represent cells challenged by HIV, while open symbols represent cells not
challenged by HIV, showing the lack of toxicity of the oligodeoxynucleotides. The
experiments were carried out by Dr. Makoto Matsukura in the laboratory of Dr. Samuel
Broder, National Cancer Institute.
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Fig. 21. Antisense inhibition of tat-dependent B-galactosidase expression in 3B9

indicator cells (Bacheler, et al., 1989). 3B9 cells were seeded at 16,000 cells per 100 nL
well in DMEM with 2% LTSR (Sigma), a serum-free medium. After a day of recovery at

37°in 5% CO,, the medium was replaced with fresh medium containing

oligodeoxynucleotide at the concentrations shown, and incubated for another 24 hi.

Cells were then assayed for B-galactosidase activity, and cell viability by MTT tetrazoiium

dye uptake. TATO: 5’-end; TAT1: TAR loop; TAT3: nt 104-118; TAT9: AUG loop.
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Conc. TATO TAT1 TAT3 TAT9 Control
(M) IFA/MNGC IFAMNGC IFA/MNGC IFA/MNGC IFA/MNGC
100.0 +/+ /- /- +/+ +/+
50.0 +/+ -/ -/ +/+ +/4
25.0 +/+ +/+ +/+ +/+ +/+
125 +/+ +/+ +/+ +/+ +/+
6.3 +/+ +/+ +/+ +/+ +/+
3.2 +/+ +/+ +/+ +/+ +/+
1.6 +/+ +/+ +/+ +/+ +/+
0.0 /- -/ -/- /- /-

Fig. 22. Antisense oligodeoxynucleotide inhibition of HIV p24 expression and formation
of syncytia. In each assay 4 x 10% SupT1 cells were added to each weli and incubated for
1 hour at 37 degrees C, after which 10 x TCID-50 of a preparation of the HIV-1
molecular clone pHXB2D was added to each well. Wells were fed at 48 hours with 100
u! of media containing corresponding concentrations of oligomers freshly prepared
from 1 mM stock solutions in PBS. Oligomers TATO, TAT1, TAT3, and TAT9 are the
same sequences as in Fig, 2. Oligomers and PBS control were diluted 1:5 in RPMI 1640
media with 20% heat-inactivated fetal bovine serum, 1% Penicillin-Streptomycin, and 2
mM L-glutamine for use. Duplicate parallel dilutions were made into a final volume of
100 ul yvielding concentrations of 100, 50, 25, 12.5, 6.3, 3.2, 1.6, and 0 uM. The O uM
sample was not challenged with the viral clone. After 4 days of incubation, each weli
was inspected for the presence of multi-nucleated giant cells (MNGC), and cells from
each well were fixed and stained for HIV-1 p24 by indirect immunofluorescent
microscopy (IFA).
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Fig. 23. Predicted secondary structure of the first 3,000 nt of HIV gag-pol/ mRNA, as in
Fig. 19.
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Fig. 24. Predicted secondary structure of the first 3,000 nt of HIV env mRNA4, as in Fig.

19.
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8. Optimum Targets for Antisense Oligomer Hybrid Arrest within an mRNA
(Preprint in Appendix)

Recently, a series of different sequences complementary to predicted loops,
bulges, and helices between the cap and initiation codon of human c-myc mRNA have
been synthesized. HL-60 cells in culture were treated for 24 hr. with 10 uM of each
oligomer, plus controls. The cells were then metabolically labelled with [*>S]Met, and
c-myc p65 antigen was analyzed by radioimmunoprecipitation. It was apparent that the
5’ cap was an even better target than the initiation codon bulge, but that the region in
between presented poor targets for hybrid arrest. At the original target, a 12-mer was
not as efficacious as the original 15-mer, and an 18-mer was more effective. However,
the differences were not dramatic, as a simple thermodynamic model would have
predicted. We suspect that we are observing the effects of both RNase H attack, at alf
locations, and genuine hybrid arrest, at the sensitive cap and AUG sites.

9. c-myc Transgenic Mice

In order to take advantage of their nuclease resistance and greater uptake by cells,
racemic oligodeoxynucleoside phosphorothioates and methylphosphonates have been
synthesized, and the latter displayed about half the efficacy of normal
oligodeoxynucleotides for antiproliferation of HL-G0 cells (not shown). Following
experiments with cells in culture, the nuclease resistant antisense oligodeoxynucleoside
methylphosphonates will be tested for efficacy in transgenic mice carrying the HIV
genome. Parallel studies are already being done in transgenic mice carrying the c-myc
gene under the control of an immunoglobulin heavy chain enhancer (Adams, et al.,
1985). This work is being done in collaboration with Drs. Ralph Brinster and Richard
Palmiter, with the particular help of Dr. Brinster’s postdoctoral fellow, Dr. Eric
Sandgren, who recreated the line for these experiments. Similar work will be done on
HIV transgenic mice, in collaboration with Dr. Gilbert Jay, NCIL.

The c-myc transgenic mice typically die by the age of 4 months of highly
malignant, disseminated B-cell and pre-B-cell lymphomas with associated leukemia. We
wish to see whether or not antisense oligodeoxynucleoside methylphosphonate therapy
can prevent or inhibit transgenically induced B-cell lymphoma in an animal model. As a
first step, we have found that we can detect overexpressed human c-myc p65 antigen in
the nuclei of transgenic iymphocytes by IFA, following shipment of frozen buffy coats
from Philadelphia to Tampa (not shown). This experiment was done twice, with
negative controls, single blind at our end.

The next step was 3 hr. of treatment with anti-c-myc oligomer, delivered by tail
vein injection to about 150 uM, which successfully suppressed human p65 expression
(Fig. 25). Injection of a scrambled sequence, or saline, had no effect. At a lower dose,
25 uM, no inhibition was detected. These experiments were done double blind, in
Philadelphia and in Tampa. We have also determined the levels of serum
oligodeoxynucleoside methylphosphonates at 3 min. after injection, and at 1 and 3 hr.
by reversed phase liquid chromatography of acetonitrile-deproteinized serum
supernatants (Fig. 26). The oligomer showed no sign of degradation, and the serum
levels dropped rapidly over the first hr., but appeared to level out thereafter (Fig. 27).
Perhaps the oligodeoxyaucleoside methylphosphonates partition rapidly throughout
body tissues, which then provide a reservoir to maintain serum levels. Excretion by the
kidneys has not yet been determined.
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Fig. 25. Indirect immunofluorescence of leuhocytes from human c-myc transgenic mice,
injected with 300 nmol oligudeoxynucleoside methylphosphonate in 250 uL PBS.
Aliquots of 250 uL of blood were removed at 3 hr. Leukocytes were isolated, then fixed
with 1% paraformaldehyde, and stained with rabbit polyclonal anti-c-myc IgG, followed
by fluorescein-conjugated goat anti-rabbit I[gG. A, normal mouse; B, transgenic mouse
injected with saline; C, transgenic mouse injected with anti-c-myc oligomer; D,
transgenic mouse injected with scrambled oligomer.
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Fig. 26. Liquid chromatography of oligodeoxynucleoside methylphosphonates
recovered from serum samples of an individual c-myc transgenic mouse. Aliquots of
250 uL of blood were removed at 3 min., 1 hr,, and 3 hr. An equal volume of CH,CN
was added to each sample, and insoluble material was removed by sedimentation. Each
supernatant was passed through a 0.2 um filter, evaporated, redissolved in water, and
analyzed by liquid chromatography on a 4.6 x 250 mm column of C,g-silica 5 um
particles, eluted with a gradient from water to CH,CN, and detected by absorbance at
260 nm Chromatogram shows the 1 hr. sample.
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Fig. 27. Recovery of oligodeoxynucleuside methylphosphonates from serum samples of
an individual c-myc transgenic mouse. Samples removed at 3 min,, 1 hr,, and 3 hr. were
analyzed by liquid chromatography as in Fig. 14, and quantitated by integrated peak
areas.
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10. MHC Class I Antigens

We have received the cell line KE-2, which produces a broad spectrum anti-MHC I
monoclonal antibody, and CV-1, which constitutively expresses MHC class I surface
antigens, from Dr. Robert Ricciardi (Vasavada, et al., 1986). The KE-2 MAb
immunoprecipitates a strong MHC I band from peripheral blood lymphocytes of a
healthy donor, but very little from a similar number of HL-60 cells (Fig. 28). We are
currently investigating whether anti-c-myc oligomers, which down-regulate c-myc
expression, can in turn up-regulate MHC I expression in HL-60 cells. If this occurs, we
will then determine whether or not the treated celis become more susceptible to

cytotoxic T lymphocytes. Parallel experiments will then be done with HIV-transformed
human cell lines.

As a sidelight to the question of immune surveillance, a collaboration was carried
out with the laboratory of Dr. Louis Chedid on the relationship between peptide
secondary structure and immunogenicity (Lise, et al., 1989) (reprint in Appendix). The
peptides (NANP), and (NANP), mimic the 37-fold repeated NANP epitope of
Plasmodium falciparum circumsporozoite protein, and are quite immunogenic; the
altered sequences (NANG), and (NANG), are much less immunogenic. CD spectra of
these sequences revealed that the immunogenic proline-containing wild type sequences
were almost entirely random coil, while the poorly immunogenic glycine-containing
mutant sequences displayed a small fraction of a-helical character. Hence,
immunogenicity correlated positively with a lack of secondary structure.
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Fig. 28. Fluorogram of denaturing polyacrylamide gel of KE-2 MAb
radioimmunoprecipitated MHC class I antigens from HL-60 cells (lanes C, serum-free,

and G, with serun) or adult human lymphocytes (lanes K, PHA-stimulated, and O, non-

stimulated) metabolically labelled for 5 hr.
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11. DNA Receptors

Upon looking to see whether any of our cell lines displayed the putative DNA
receptor proteins characterized by Bennett, et al. (1988), preliminary
immunofluorescence studies of HL-G0 cells with MAb 24T showed cell surface staining,
with some apparent capping (Fig. 29). We would like to determine whether or not
these antibodies inhibit oligodeoxynucleotide uptake, and interdict antisense
oligodeoxynucleotide inhibition of c-myc expression. If positive results are found, we
will then investigate whether or not oligodeoxynucleoside phosphorothioates or
methylphosphonates are taken up by this receptor. Partial trypsinization will also
provide a useful probe of the behavior of the putative receptor. A panel of transformed
cell types, as described above for MHC I studies, will be analyzed next, along with
unstimulated peripheral blood lymphocytes.
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Fig. 29. Indirect immunofluorescence of HL-60 cells, stained with mouse monoclonal
anti-DNA-receptor IgG, then fluorescein-conjugated goat anti-mouse IgG. Top:
fluorescence; bottom: bright field (half-magnification).
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12. tat Protein Binding to RNA

The plasmid pSP6HIV+1 (Muesing, et al., 1987), which encodes the first 232 nt of
all HIV-1 mRNAs, was cbtained from Dr. Daniel Capon, used to transform competent E.
coli DH5« cells. Supercoiled plasmid, isolated from a 1 L culture, was restricted and
satisfactorily transcribed in vitro (Fig. 30).

Electrophoresis of mixtures of E. colt initiation factor 3 protein with the 3’-
terminal 49 nt fragment of E. coli 16S rRNA on agarose, according to Lowary and
Uhlenbeck (1987), demonstrated positive results (Fig. 31) in an analogous system which
we have studied extensively (Wickstrom and Laing, 1988).

When tat protein was incubated with the pSPOHIV+1 transcript, or with a similar
size transcript from VSV matrix gene, or three similar size E. coli transcripts, strong
binding of multiple copies of tat protein to all sequences was observed (Fig. 32). This
result agrees with Frankel, et al. (1988), but seems paradoxical in view of the strong
dependence of tat activity on the integrity of the loop sequence in the TAR region
(Feng and Holland, 1988). Perhaps the TAR loop forms a tertiary interaction with a
proximal sequence in the first exon, which is destabilized by nonspecific tat binding. If
tat is just a general single stranded RNA binding protein, then designing a tat-specific
inhibitor may be more difficult than if tat is found to bind to a specific sequence.
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Fig. 30. Transcription of HIV TAR sequence. pSPOHIV+1 (Muesing, et al.,, 1987) was
restricted with Xho 1 and transcribed with SP6 RNA polymerase, then analyzed by
denaturing electrophoresis on 4% polyacrylamide and fluorography of gel stained with
ethidium bromide (A), then autoradiography (B). Lane M: ®X174 DNA cut with Hae I1I;
fragment sizes are shown in bp. Lane -: restricted plasmid alone; lane +: with SP6
polymerase added.
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Fig. 31. Gel mobility retardation of RNA by IF3 protein. E. coli ribosomes were treated
with cloacin DF13 to release the 3'-terminal 49 nt fragment of 16S rRNA. IF3 alone, 10
pg, was run in lane A, and bovine serum albumin alone, 8 ug, in lane G. The purified
RNA, 1 pg, was mixed with nothing (B), 1 ug IF3 (C), 6 ug IF3 (D), 10 g IF3 (E), and 8
pg bovine serum albumin (F), in a physiological salt buffer, then electrophoresed on
10% polyacrylamide in 50 mM Tris-H,BO;, pIi 8.3, with 1 mM EDTA. The gel was then
stained with ethidium bromide, A, then Coomassie blue, B to visualize RNA and protein,
respectively. Upper arrow indicates IF3-RNA compiex; lower arrow indicates RNA alone.
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Fig. 32. Gel mobility retardation of RNA by tat protein. Uniformly 3°S-labelled
transcripts were incubated without (lanes A, C, E, G, I) or with (lanes B, D, F, H, J) 6 uM
tat protein in 50 mM Tris-H;BO;, 2 mM Mg(OAc),, 1 mM EDTA, pH 8.3, for 5 min. at
37° then 30 min. at 0°. Reaction mixrures were then electrophoresed on 6%
polyacrylamide in 50 mM Tris-H,BO;, pH 8.3, 1 mM EDTA, at 4°, and the gel was
fluorographed. Transcripts studied included the 213 nt leader of E. coli infC (A, B), the
243 nt leader of E. coli infC a operon IF3 (C, D), the 3’ 295 nt of the VSV M protein
gene (E, F), the 232 nt leader of HIV-1 (E, F), and the 212 nt portion of E. coli 16S rRNA

from nt 679-891 (G, H).
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